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MECHANICKS. 

In the Year 1796 the Society voted their 
Gold Medal to Mr* Robert Hy- 
NAM, of St. Peter(burg, for his Instru- 
ment FOR GAUGING CuTTERS FOR 

Wheels for the ufe of Clock and 
Watch-makers, on condition that he fcnt 
a complete Inftrument, and the Calcu- 
lations he had made for it, to the Society 
for the ufe of the Public; and this 
Seflipn the Inftrument and the Volume 
of Calculations having been received, the 
Gold Medal was fent to Mr. Hy- 
NAM. His Letters on the fubjed:, with 
Plates of the Inftrument, are here inferted; 
and the Inftrument itfelf, with a Volume 
of his Calculations, are referved in the 
Society *s Collection* 

My Lord, 

I TAKE the liberty of addrefling myfelf 
to your Grace, in a matter (I prefume) 
of real utility to Clock and Watch-makers, 
X 2 and 
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and indeed in all mechanical performances 
where wheels are ufed with teeth. It need 
not be diflembled, that they do many 
things by rote and guefs, which might be 
performed with more certainty and more 
expedition, by calling in the principles of 
arithmetic and geometry, not to fay of me- 
chanicks. Of this nature feems to be the 
uling of cutters in gauging a given number 
of teeth in a wheel of a given^ diameter. 
Now the diameter of a circle being to its 
circumference nearly as i to 3 (which ratio 
may be accurate enough for the purpofes here 
meant), a wheel of fix inches diameter will 
have about eighteen inches in its circum- 
ference. Since then, in cutting a number 
of teeth in a wheel,, you are to have as 
many interftices or fpaces between the teeth* 
as the teeth themfelves, you will therefore 
have twice as many divifions in thC; cir- 
cumference as the number of teeth ; viz. 
one half of the divifions for the teeth them- 
felves, and the other half for the fpaces; 
between. You need then only to divide- 

the 
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ithc circumference into twice the number of 
teeth, and you will have the breadth of each 
tooth, as well as the breadth of each fpace 
between them, and this fame breadth is 
the thicknefs of the cutter with which the 
teeth are to be cut. Suppofe for example, 
in the wheel above-mentioned, of fix inches 
diameter, you are to have 240 teeth, what 
will he the thicknefs of the cutter for 
cutting thofe teeth ? Twice 240 is 480 ; 
and _^'_!^ inch gives ^..^ of an inch for the 
breadth of each tooth as well as of each 
fpace, and for the thicknefs of your cutter. 
This, notwithftanding, I have found by 
repeated operations, that -^ or ^^ will an- 
fwer better than ^^. For that, befides its 
coming out in rounder numbers, feems to 
be founded in the very nature of things, 
fince the teeth grow narrower towards the 
centre, than they are towards the circum- 
ference ; and fuch an allowance is always 
indifpenfably to be made in wheels of fmall 
diameters, wherein the length of the teeth 
}S very considerable in refpccS of the length 

X3 ot 
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of the diameters. Taking therefore this 
^ along with us, and fuppofing farther every 
inch to be divided into forty parts, if the 
diameter of a wheel be 6 inches, or 240 of 
fuch divifions, and the number of its teeth 
240, we fhall have for the breadth of a 
tooth or fpace, and for the thicknefs of 
a cutter to cut it with, i. or 14. of thofe 
fortieth parts of an inch, or ^V of^n inch 
as before. After the fame manner the 
thicknefs of a cutter for a wheel of any 
diameter, and any number of teeth, may be 
calculated : for inftance, if the diameter of 
a wheel be 38 of thofe fortieth parts, and 
the number of teeth 66, the thicknefs of 
the cutter will be .1, 44* ^^ 44-^ 4- ^^ thofe 
fortieth parts of an inch ; or again, ^4 ^tV 
of an inch. But alfo the thicknefs of a 
cutter may be immediately deduced from 
the firft cutter, viz. from that which ferved 
for a wheel of lix inches diameter, with 
240 teeth in it; for the breadths of the 
teeth, as well as the thickneffes of the cut- 
terSi arc: direSily as the circumferences or 

diameters 
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diameters of the wheels, and inverfely^ as 
the numbers of the teeth. You need only 
therefore multiply ^ of an inch by the 
diameter of a wheel, and divide the pro- 
duft by the number of teeth. Thus, in the 
wheel immediately preceding, the thicknefs 
of the cutter is ^l_X-J4. 

In order to exhibit the thicknefs of a 
cutter accurately, for all forts of wheels ufed 
in watch and clock-making, I have calcu- 
lated tables, and invented a gauging inftru- 
ment. The in ft rumen t is a fedlor of a circle, 
on the arch ofwhich there are laid down fix 
inches, each divided into forty equal parts ;^ 
and it has two indexes, one from the centre 
of motion to the circumference, the other 
from the fame centre to a moveable piece 
of flecl which reaches to the gauge, 

Thefe indexes are to one another as i iJL 

inches to A an inch, or as 45 to 2, and 

X 4 therefore 

* Since then the fix inches are expanded here on an 
arch, inftcad of being laid down in a ftrait line, 
they occupy lefs fpace, vi^hich furnifhes us with an 
additional reafon why ^'^ or ^V of an inch fhould be 
taken rather than ^o. 
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therefore^ as ^ to ^. So that, whilft the 
fhorter index moves ^ of an inch, the 
longer will in the fame time move 4- or 4^ 
of ai> inch, /. e* 30 of thofe divifions, 40 of 
which every inch on the arch is divided 
into. And, converfely, whilft the longer 
index moves 44 of an inch, the fliorterwiU 
move ^V of the fame; and will therefore 
exhibit in the gauge ^ of an inch for the 
thicknefs of a cutter to cut 24Q teeth, in 
a wheel of fix inches diameter. And the 
fame holds good for a cutter of any other 
thicknefs. 

Now the tables calculated by me are ac- 
commodated to the longer index of this 
gauging inftrument ; fince, whatever thick- 
nefs of a cutter is ihewn from the tables 
by the. longer index, the true thicknefs of 
it is \JL. of the former, and is (hewn on 
the gauge by the ihorter index. For this 
reafon, in the wheel before- mentioned (of 
6 inches or 240 divifions in the diameter, 
with 240 teeth in it), I aflume the thick- 
nefs of the cutter, not ^V of an inch, but 

3^ 
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30 of thofe fortieth divifionS; and from 
that wheel, as a ftandard, I <ieduce all other 
wheels, e. g. a wheel of 38 divifions in 
diameter with 66 teeth in it ; wherein the 
number of divifions in the diameter of the 
wheel, viz. 38, I multiply by the conjlant 
number 30, and divide the product by the 
number of teeth in the wheel, viz. by 66; 
and the quotient 30X^.1.= 17.273 is the 
thicknefs of the cutter required, as fhewn 
on the arch of the fedor by the long index. 
And this is the rule by which the tables 
have been calculated, and which is manifeft 
from what has been f^id above. 

I fhall only add a few words concerning 
the ufe of the tables and the inftrument. 
A wheel of any diameter, with any number 
of teeth being given, I look in the tables 
for the thicknefs of the cutter proper for 
that wheel. Having found it, I bring the 
longer index of the inftrument to that num- 
ber j and at the fame time the gauge (by 
means of the fhorter index) exhibits tome 
the true thicknefs of that cutter between 
the two pieces of fleel. 

Thus 
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Thus much, my Lord, I lay before your 
Grace, as Prefident of a Society which has 
fo well deferved of the Arts and of Great 
Britain. If I meet your and their appro-- 
bation, which is all the encouragement I 
aim at, I may lay before your Grace many 
other inftruments and machines, with their 
defcription and ufes, which, at the fame 
time that they greatly Ihorten and fimplify 
the bufmefs of watch and clock-making, 
render the execution of their feveral parts 
more, accurate, 

I have the honour to fubfcribe myfelf> 

My Lord, 

Your Grace's 

Moft obedient 

and moft humble fervant, 

Robert HynaMo 

St. Peterjburgj 
Sept. 2d, 1795, 

His Grace the Duke of Norfolk, 

The 
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The number of calculations in this work 
(beginning with i. of an inch diameter, in^ 
creafing ^^ of an inch, and ending with 
fix inches diameter) confiil of twenty-three 
thoufand five hundred ar\d upwards. In 
the courfe of the work leveral numbers 
have no decimals affixed to them. This is 
when the divifor is not quite contained in 
the dividend, and the quotient is only ap- 
proximate. Thus, fuppofe a quotient fliould 
be 31*99765, as I put but two places of de- 
cimals in the tables, I write 32.00, or if 
any quotient fhould be 33.5294, making 
an allowance for the figure 9. In the 
third place, I write 33.53, and my error 
in this cafe is but 0.0005, /. e. but i- of a 
thoufandth part of unity. 



Annexed 
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Annexed is a Table of Proportions. 

I have begun with the leajl Diameter^ i?i^ 
troduced two intermediate ones, and Uh 
^reateji Diameter. 

TaBLP of PjlO^ORTIpNS. 



No. of 


Thkknefs 


No. of 


1 Thicknefs 1 


Teeth 


of Cutter. 


Teeth [ of Cutter. 


5 


Tjt^ifions 


40 Di'vijtons 


10 


15^ 


30 


40 


11 


13.64 


31 


^^'V 


\i 


12. 5 


32 


37- 5 


^3 


»i-54 


33 


36.36 


H 


10.71 


34 


35-29 


*l 


10. 


35 


34-29 


i6 


9-38 


36 


33-33 , 


J7 


8.32 


37 


32-43 


i8 


8.33 


38 


31.58 


19 


7.89 


39 


30-77 


20 


7- 5 


40 


30- 


21 


7.14 


41 


29.27 


2J 


6.82 


42 


28.57 


21 


6.52 


43 


27.91 


24 


6.25 


44 


27.27 


25 


6. 


45. 


26.67 


26 


5-77 


46 


26.09 






47 


25-53 



No. of 


Tbicknefs 


No. of 


Thicknefs 


Teeth 


of Cutter. 


Teeth 


of Cutter. 




67 


17.-91 


48 


25 


68 


17.65 


49 


24.49 


69 


17-39 


50 


24- 


70 


^7-14 


51 


23-53 


7» 


16.90 


52 


23.08 


7^ 


16.67 


53 


. 22.64 


73 


16.44 


54 


22.22 


74 


16.22 


55 


21.82 


75 


16. 


56 


21.43 


76 


15.79 


57 


21.05 


77 


15.58 


58 


20.69 


78 


15.38 


59 


20.34 


79 


iS-*9 


60 


20. 


80 


15- 


61 


19.67 


8i 


14.81 


62 


^9-35 


82 


14.63 


63 


19.05 


83 


14.46 


64 


18.75 


84 


14.29 


65 


18,46 


85 


14.12 


66 


18.18 


b6 


I3-9S 
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Wo.of 
Teeth 

87 

88 



90 

91 
92 

93 

94 

96 

97 
98 

99 
100 



Thicknefs 
of Cutter. 



13-79 
13.64 

13.48 

13-33 

i3'i9 
13.04 
12.90 
12.77 
12.63 

12. 5 

12-37 
12.2^4 
12.12 
12. 



No. of 
Teeth 



1 1 2 Dvvijtons 



50 


67. 2 


51 


65.88 


52 


64.62 


S3 


63.40 


54 


62.22 


55 


61.09 


56 


60. 


57 


58.95 


5« 


57-93 


59 


56.95 


60 


56. 


61 


55.08 


62 


54.19 


63 


53-33 


64 


5^- 5 


65 


51.69 


66 


50.91 


67 


50.15 


68 


49.41 


69 


48.70 


70 


48. 


7' 


47.32 



72 

73 
74 
75 
76 

77 
78 

79 

.80 
81 
82 

83 

84 

85 
86 

87 

88 

89 
90 

91 
92 

93 

94 

95 

96 

97 
98 

99 
100 
101 
102 
103 
104 
1C5 
106 
107 
108 
109 



Thicknefs 


No. of 


Thicknefs 


of Cutter. 


Teeth 


of Cutter. 


46.67 


110 


30-5^5 


46.03 


III 


30.27 


45.41 


112 


30- 


44. 8 


"3 


29-73 


44.21 


114 


29.47 


43-64 


"1 


29 22 


43-08 


116 


28.97 


42.53 


"7 


28.72 


42. 


118 


28-47 


41.48 


119 


28.24 


40.98 


120 


28. 


40.48 


121 


27.77 


40 


122 


27-54 


39-53 


123 


27.32 


39-0? 


124 


27.10 


38.62 


125 


26.88 


38.18 


126 


26.67 


37-73 


127 


26.46 


37-33 


128 


26.25 


36,92 


129 


26.05 


36.52 


130 


25.85 


36.13 


'3' 


25.65 


35-74 


132 


25-45 


35-37 


'33 


25.26 


35- 


'34 


25.07 


34.64 


135 


24.89 


34.29 


'36 


24.71 


33-94 


'H 


24-53 


33- 6 


'38 


24-35 


33.27 


"39 


24.17 


32.94 
33.62 
3231 


140 


24. 


240 


Divifioyis 


32- 


74~ 


97-30 


3.. 70 


75 


96. 


31.40 


76 


94-74 


31.1. 


77 


93-51 


30.83 


7B 


1 92-31 
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Teeth of Cutter, 



79 
80 
81 
82 

84 

85 
86 

87 

88 
89 
90 

91 
92 

93 
94 
95 
96 

97 
98 

99 
100 
loi 
102 
103 
104 
io<; 
io6 

07 
108 
,09 

10 

1" 

12 

^«3 
114 

115 
116 



91.14 

90. 

88.89 

87.81 

86.75 

85.71 

84,71 

83.72 

82.76 

8[.82 

80.90 

80. 

79.12 

78.26 

77-4^ 
76.60 

75-79 

75- 

74-2> 

73-47 

72.7J 

7* 

71.29 

70.59 

69.90 

69.23 

68.57 

67.91 

67.29 

66.67 

66.06 

65.45 

64.86 

64.29 

63.72- 

63.16 

62.61 

62.07 



3i8 


ME 


Ko. of 


Thicknefs 


Mofof 


Teeth 


of Catttr. 


Teeth 
156 


417 


61.54 


ii8 


61.02 


^57 


119 


60.50 


158 


J 20 


60. 


159 


121 


59.50 


160 


122 


59.02 


161 


123 


58-54 


162 


124 


58.06 


163 


I2S 


57. 6 


164 


126 


57.H 


165 


127 


56.69 


166 


128 


56.25 


,67 


129 


5S.8i 


168 


'JO 


S5.-38 


169 


»3i 


54-96 


170 


132 


54-55 


171 


133 


54- «4 


172 


134 


53-75 


173 


»3S 


53-33 


174 


136 


52.94 


'^i 


^37 


5^-55 


'7.^ 


J38 


52.17 


^77 


^39 


51.80 


178 


)40 


5>-43 


'79 


J41 


51.06 


180 


142 


50.70 


181 


H3 


50-3S 


182 


144 


S°:. 


183 


H5 


49.66 


184 


146 


49.32 


i8s 


H7 


48.98 


186 


148 


48.65 


187 


»49 


48.32 


188 


150 


48. 


189 


tsi 


47-68 


190 


152 


47-37 


191 


153 


47.06 


192 


»54 


46.75 


193 


»SS 


46.45 I 


194 
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Thicknefs No. ofj Thicknefs [Ko.ofj Thicknefs 
of Cutter. Teeth of Cutter. Teeth of Cutter. 



46.15 


19s 


45.86 


196 


45-57 


197 


45.28 


198 


45- 


199 


44.72 


20© 


44.44 


,201 


44.17 


202 


43-90 


203 


43.64 


204 


'43-37 


205 


43. J « 


206 


42.86 


207 


42.60 


208 


42'35 


' 209 


42.11 


21c 


41.86 


211 


41.62 


212 


41.38 


213 


41. 14 


214 


40.91 


215 


40.68 


7.16 


40,45 


217 


40.22 


218 


40. 


219 


39.78 


220 


39-5<^ 


221 


39-34 


222 


. 39^3 


223 


38.92 


224 


38.71 


225 


38.50 


226 


38.30 


227 


38.10 


228 


37-89 


229 


3770 


230 


37. 5 


231 


37.31 


232 


37.11 


233 If 



36.92 

3^.73 

36.55 

36.36 

36.18 

36. 

35-82 

3 5 64 
35-47 
35-^9 
3512 
34-95 
34-78 
34.62 

34-45 
34-29 
34.12 

33-96 

33.80 

33.64 
33-49 
35-33 
33.J8 

33-03 
32.88 

32.73 
32.58 

32.43 
32.29 

32.14 

32. 

31.86 

31.72 

3«.58 

31.44 

31-30 
3^'^7 
31.03 
30,90 



234 

^35 
236 

237 
238 

239 

240 



3077 
30.64 

30.51 
30.38 
30^-25 
30.13 
30. 



SIR. 
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S I R, 
OTIMULATED by the mark of honour 
^-^ conferred upon me by the Society, I 
reviewed the work I had prefented to them, 
and happily fell on a method of calculating 
the tables with more eafe, much Ihorter, 
and lefs liable to error. This encourages 
me (if it meets the Society's approbation) 
to make the gauging inftrument more uni- 
verfal, without altering its conflrudion in 
the fmallefl: degree. I mean only to extend 
the arch upon the inftrument fix inches 
more than it is at prefent, and to divide one 
of its edges into 12 inches, and each into 
40 equal parts*. By this fmall addition, 

the 

* A fcale, laid down on an arch uf a circle whofe radius 
is only 1 1 1 inches, fliould not be ufed in gauging wheels 
of large diameters. Such wheels (hould have their dia- 
meters gauged by a ftrait line divided into inches, 
and each inch into forty equal parts : for in large wheels 
the length of the teeth bear a fmall proportion to the dia- 
meters; but in wheels of fmail diameters the length of 
the teeth is very confiderable in rcfpeft to the length of 
the diameters, as I have before obferved. 
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the thicknefs of cutters for catting wheels 
may be accurately determined froal ^ of an 
inch to two feet diameter, in which may 
be cut from 8 teeth to 2000 and upwards ^ 
a number^ I believe, never ufed in praftice. 
The inftrument not admitting a fcale to be 
laid down more than j 2 inches in ler^gth, 
therefore, when a diameter exceeds that 
length, the radius taken and doubled gives 
the diameter. 

As the following rule is very fimple and 
eafily underftood, I think it renders the 
continuation of the tables unneceffary, A 
few examples may fuffice, more efpecially 
as the number of wheels ufed of a larger 
diameter than fix inches bears a fmall pro- 
portion to thofe wheels ufed of a lefs dia- 
meter. 

Rule, 

Divide the conftant number 30 by the 
number of teeth in the wheel, and muhi-* 
ply the quotient by the number of divifiona 
contained in its diameter, aad the produA 

will 
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will be the thicknefs of the cutter. And 
by adding the thicknefs of the cutter found 
to the quotient^ you have the thicknefs of 
another cutter for a wheel which contains 
one divifion more in diameter^ for, a$ long 
as the number of teeth in the wheel conti- 
nues the fame, whatever arc the number 
of divifions in the diameter of the wheel, 
there is only one calculation to be made ; 
all the other thicknefles are found by 
addition only. 

Explanation* 

Suppofe the number of teeth in the wheel 
is 240, and the divifions in the diameter 
241. Divide 30, the conftant number, by 
240, and the quotient will be 125. Mul- 
tiply this quotient 125 by 241, the divifions 
in the diameter of the wheel, and the pro- 
duct will be 30.125, the thicknefs of the 
cutter in this cafe. Now, if the divifions 
in the diameter of the wheel are 242, and 
the nun^ber of teeth in tbc wheel 240, 
Y add 
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add 125 the quotient, and 30.125 the 
thicknefs of the cutter juft found, and the 
fum of 30.250 will be the thicknefs of a 
cutter for a wheel having 242 divifions in 
diameter, and 240 teeth. Again, if the 
divifions in the diameter of the wheel are 
243, and the number of teeth in the wheel 
240, add 125 and 30.250, and the fum 
30.375 will be the thicknefs of a cutter 
for 243 divifions in diameter, as may be 
farther ktn by the following ftatemcnt, 
and may be compared by the tables fent. 

""'al" .83333 Quotient 

Teeth ^^=,83333, 83333 x60:z: 49,99980 Thkknefsof 

6 1 ==50,833 1 3 -«^^^^- 

62 — 51,66646 

63 = 52,49979 

^4=53'333i2 
65^54.16645 
66=54,99978 

67-55383^11 
6811:56,66644 

Place 



MECHANICKS. 323 

Place the quotient over the thickncfs of 
the cutter 49.99980 j add them together for 
another thicknefs of cutter for a wheel 
having one more divifion in diameter, viz. 
61, and fo proceed with 62, 63, 64, &c. 
&c. The teeth in the wheel to remain 
the fame number 36. But to avoid inter- 
mediate numbers, the teeth in the wheel 
remaining the fame, and the diameter of the 
wheel increaiing to any number of divifions, 
you have only to multiply the quotient 
found by the number of divifidns in the 
new diameter, and you will have the thick- 
nefs of the cutter. If the diameter of the 
wheel flbould be lefs, proceed as above. 

Examples wherein the Teeth and Diameters 
differ. 

W.D. Thicknefs Cutter. W.D, Thicknefs Cutter. 

X566 = 39 
X72o=36 



Teeth .^X295=35,40 



-1^^x250=25 

X298=:35,52 

X56o=44,25 



3 o 
3 o 



" X566 = 39,95 



3 O 

'° X48o= 14,40 

3 o 

T o d-5-' 

4^^X960=14,40 

Y 2 Tho 



X96oiz28,8o 
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The foregoing numbers 4^ (hould have 
but two places of decimals agreeably to the 
tables : then they would be, 

Thickncfsof Cutter* 

50,8; 

52.5 

53.33 

54.»7 

55» 

55>h 

I am. Sir, 
Your moft obedient humble fervant, 
Robert Hynam. 

St. Peterlburgh, Jan. 20, 1797. 

Mr. More. 



Defcr'tption 




n 
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l)efcrtption of ilfr.'HYNAMV Injlrument 
for GAUGING Cutters. Flate /. 

a. The bafe on which all the work i% 
iixed* 

h. One of the cocks, there being two, 
which the index moves in, but the under 
one cannot be feen in the plate of the Plan. 

c. The index, having under it a fpring 
d^ as (hewn in Plate II. 

f. A bridge over the point of the index. 

^. A fixed cock to the bafe, with fleel 
chop. 

h. A dovetail : on one end is fixed a cock 
having a fteel chop, which forms the gauge 
with g. 

/• The fides in which the dovetail moves. 

/• A fteel flud^ tapped and fixed to the 
dovetail. 

k. A cock fixed to the infide of the cock 
^. through which pafles the adjufting fcrew 
to the fteel ftud j. 

I. The divided nut upon the adjufting 
fcrew. 

Y3 m.h 
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m. A fegment of a circle, divided into 
fi^c parts in the Plan, each part containing 
forty divifions, and being, on the Inftru- 
mcnt at large, twelve inches in length. 

The letters of reference to the feveral 
parts arc the fame in Plate 11. as in Plate I. 
excepting that in Plate II. the two cocks 
marked ^. and the bridge of the fpring d. 
arc fliewn, which cannot be {ccn in Plate I* 

n. The feet of the inflrumcnt. 



A Bounty 
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A Bounty of Sixty-five Pounds was 
this Seffion voted to Mr. Simon Good- 
rich, for the application of a Crank 
to anfwer the purpofes of an Efcapement 
in Clocks; of v^^hich a Defcription and 
Print are hereunto annexed, and the 
Clock itfelf referved In the Society's Re- 
pofitory, for the it)fped:ion of the Public, 

SIR, 

I BEG leave to prefent to the Society for 
the Encouragement of Arts, Manufac- 
tures, and Commerce, for their infpeftion, 
a Clock w^ith the limple application of a 
Crank, as an efcapement, to give motion 
to the pendulum. 

The Clock does not appear in fo fimple 
a ftate as it might, had the train been made 
on purpofe for the invention, with all the 
wheels, and fewer of them in number, 
placed between the two plates, with the 
crank only behind the back plate : but I 
Y 4 was 
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was induced to apply the motion to a ready-* 
made clock, in order to try, by the ftme 
machine, a point of which I had fome 
doubts J namely, that perhaps, on account 
of the greater velocity of the ad:ing part, 
this method might require more power than 
the common, f he experiment proved in 
favour of the crank ^ though* with the com- 
mon efcapement well adjufted, I kept the 
pendulum in motion for fome days, with 
as fmall a power as I could with the crank ; 
yet the fame fmall power with the com* 
mon efcapement was not fufficient to 
maintain the motion fo long as it was with 
this crank. The weight here ufed for 
this eight'day piece, which has kept it 
going for about fix months without once 
failing, is 4 4- lb. It has in it an allow- 
ance of more than half for the lofs of power 
from foulnefs or other accidents ; for 2 lb. 
was fufficient to work the plock for feveral 
weeks, when firft put together. 

That I may be enabled to refer to Ibrae 
particulars in this letter, I have inclofed a 

fketch 
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fketch and defcription of this invention. 
Sec the Plate. 

The advantages of this Efcapement are, 
firft, fimplicity of conftrudtion, confequently 
chcapnefs. It can eafily be adopted by the 
manufadurers of the common v^ooden 
Dutch clocks, as the w^hole efcapement can 
be formed of a few pieces of wire bent till 
properly adjufted, without even the necef- 
fity of the adjufting fcrews I I. Therefore 
the benefits of this invention may extend 
even to the poorer part of the public. 

adly. Total filence when going ; clocks 
being excluded by many perfons, to whom 
and from many places where ufeful, upon 
account of their noifc. 

3dly, Keeping good time, arifing from 
this principle, that the crank always im- 
pels the pendulum in the fame manner; 
that is, as it pafTes through the femicircic 
under its centre, always one way; and as 
it pafles through the femicircle over its cen- 
tre, always the other way ; and it recurs in 
the fame fituation it fet out from, after thefc 

two 
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two impulfes, which being eafily made. 
equal by means of the adjufting fcrews, 
notwithftanding the fmall difference in 
length of the levers aded upon, all the. 
fucceeding impulfes muft alfo correfpond 
with thefe, and be equal and regular, as 
far as regards the efcapement itfelf. la 
other efcapements, if any irregularity cxifts 
or is worn in any one or more of the teeth 
orpins in the fcape- wheel, and the pallets 
or inclined planes they a6t againft, the im-* 
pulfes given to the pendulum cannot be 
equal arid regular ; and the higher the 
number of the fcape-wheel, the greater 
this chance of imperfediori. 

4thly, Durability and great certainty of 
continuance. This Efcapement does not 
require oil, which, as it becomes clammy 
and thick by the dufl, is the frequent and 
well-known caufe of the flopping of others ; 
it does not wear itfelf untrue and out of 
order. The friction of the collets upon 
the crank muft be very fmall, as the 
afting furface is fmall, and as the inten- 
fity of the impulfe upon the pendulum is in 

proportion 
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proportion lefs in this, as it ads upon a 
longer lever than in others ; alfo at the time 
that the chief force is exicrted, as the crank 
palTes over and under its centre, there is 
very little turning of the collets upon it : 
fo that I judge this Efcapemcnt, properly 
made, flands a fair chance of lafting as long 
as the tram itlclf without being out of order; 
v^hich I underrtand is far from being the 
cafe with others. 

The ingenious part of the Public can no 
doubt improve upon this application. Of 
the various methods I have tried, this ap- 
pears to me the beft for general ufe. I can 
fend the Society drawings* of two other me- 
thods whith I have tried, if by this they 
fhould judge them worthy their notice. In 
the one, the crank, befides its own, can be 
applied with all tTie advantages of a dead 
beat, and in the other of a detached efcape- 
nient; but they will not have the advan- 
tage of filence. 

I do 

* The drawings here alluded to, as alfo a model of 
another Efcapement, by Mr. Goodrich, are referved in 
the Society's collection. 
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I do not mean to fccure this inven- 
tion to myfelf by a patent: my intention, 
in prefcnting it to the Society, is for 
the benefit of the Public, hoping at the 
fame time, that if the Society find 2,ny 
merit in it, .their bounty will be an encoui- 
ragement to exertion in future, and at pre- 
fent fome recompence for my expence and 
time ; as my family and fclf^ which I have 
to maintain out of no rpore than journey- 
man's vvages, do not permit me to under- 
take any thing of this kind without a pro- 
ipedt of indemnification. 

I can truly affirm this is ipy own inven- 
tion; and if, in defcribing it, I have mis- 
ftated any thing, I hope the fault will be at- 
tributed to my want of judgement, and not 
to my inteijtipn* 

I remain. Sir, 
Your moft obedient fervant, 

Simon Goodrich. 

No. 3, Canterbury Walky Lambeth. 
Feb. 12, 1799. 

Mr. More. 

Fi^. 1. 
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Fig. I. A fi-Qot view of the Crank 
Efcapement. 
Fig. 2. A fide view of ditto* 

The fame letters of reference are put to 
the correfponding parts in each figure. 

A A A A, The back plate of a Clock. 

B. The crank fixed on the end of 

C. The arbor of the lad pinion of the 
train. 

D D. Two fmall wire chains compofed 
of two links only, attached to the crank B 
by means of two collets, with plenty of li- 
berty upon it. Thefe chains are faftened to 
E E. Two fmall fprings fcrewed to 
F F F- A bar that goes acrofs, and is 
faftcned in the middle to 

GG. The crutch, with which 
H H. The pendulum is fufpended in the 
common way. 

I L Are two fcrews going through the 
bar F, the ends of which being made to a6t 

again it 
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agalnft the fprings EE, fcrve to adjuft 
them to a proper diftancc and degree of 
ftrength, and by that means eafily to put 
the pendulum in proper beat. 

Jn Fig. I. the pendulum i$ partly re- 
prcfented by dotted lines^ in order to ihew 
the crank> &€• 



In 
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In confequcnceoffome trials made of a Me- 
thod of TURNING Spherical Forms 
IN Wood in a more expeditious Manner 
than ufually pradlifed (a Defcription of 
which Method is hereunto annexed), the 
Society this Seflion voted a Bounty of 
Twenty Guineas to Mr. Thomas 
Cook, of Newingtcn, Surrey; and fe- 
veral Samples fo turned by him are re- 
fcrved in the Society's Colieclion, for the 
infpe(5lion and information of the Public, 

SIR, 

HEREWITH you receive the method 
of preparing and turning a true round 
or fpherical figure, between two centres, 
principally upon a large fcale, by means of 
the large wheel commonly made ufe of by 
turners. 

Prepare of wood as near a cube as may 
be; plane one fide true, and gauge a line 

dowa 
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down the middle, from which line the cen^ 
tres arc at each end found with a pairof com- 
pafles. Then form the piece to an odagon^ 
by taking ofF the four corners ; place it in 
the lathe, and lay the band on about one 
third from the end; then ftrike each end 
to the exaft length of the intended diame- 
ter. With a pair of compafles divide the 
piece which gives the centre or curve line, 
andbifedts the gauge ftroke; ftrike it with 
aqhiffel, then with a fmall gouge which 
makes a groove for the band to work in 
(taking care not to diminilh the fize of the 
diameter) ; from the middle work down each 
end with a gouge to as fair a round as yoU 
can by eye, or with the callipers: then 
take the piece out, and carefully prick the 
fecond centres, which the gauge ftrokc and 
curve line give : place in the lathe the laft 
pricked centres, andpafs the piece round by 
hand : work down with a fmall firming 
chifTel, in order to form a fecond curve 
line, until it l/ifcds the firft diameter or 
curve line : then ftrike the piece to the firft 

centres 
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centers, and work off the remaining wood 
with a large firming chiflel^ until it be- 
comes flulh with the fecond curve line: it 
may then be polifhed. Throw off the 
band, and turn round the ball by hand to 
work off the groove the band played in. 
Should you not think fit to pafs the ball by 
hand, fhift your reft to the oppofite fide, 
and have the wheel turn the reverfe way; 
by this means you turn off the groove. To 
polifh the remainder, the band will play on 
the fiirface of the ball, by being fteadied 
with the hand. 

I remain refpedfully. 
Your moft obedient humble fervant, 

Thomas Cook. 

Netvingtony May 2jy I799« 
Mr. More, 



The 
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The Thanks of the Society^ and the Silvei^ 
Medal, were this Seffion voted to 
Mr. William Featherstonhaugh, 
for the following Defcription and Draw- 
ing, accompanied with a Model of a 
Machine invented by him for coun- 
terbalancing THE Ropes ufed in 
the deep Shafts of Mines; which 
Model is refervcd in the Society's Repo* 
fit cry. 

SIR, 

^f^HE beginning of laft year I conftr uAed 
A a model of a counterbalance, for 
preferving a conftant equilibrium between 
the ropes ufed in machinery, wrought by 
fteam engines or otherwifc, for thepurpofe 
of raifing coals, upon a plan which I had 
never feen or heard before, which I fhewed 
to the proprietors of fome extenfive coal- 
mines in this neighbourhood, who imme- 
diately got a large one conftrufted, which 

they 
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they continue to ufe and prefer to any of 
the other counterbalances ereded in this 
country. A model of the above counter- 
balance I now beg leave to fubmit to the 
infpe(3:ion of the Society, and (hall be ex- 
tremely glad if it appears to them of Suffi- 
cient utility to merit a defcription in their 
tranfaftions. 

I am. Sir, 

Your moft obedient fervant. 

Wm. Featherstonhaugh, 

Lambton^ near Chefter-lt-fireety 
Durham^ Jpril i/^j 1798. 

Mr. More. 



S I R, 

YOU v^ill pleafe to lay before the Society 
for the Encouragement of Arts, Ma- 
nufactures, and Commerce, the following 
account of the advantage which I conceive 
Z 2 the 
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thfe counterbalance eredeci by me to have 
over thofe already in ufe ; with its dimen- 
lions, &c. The beft mode that I have 
feen adopted may be thus defcribed. ^ A 
chain is faftened to the axis of the rope- 
barrelj which, paffing over a pulley, de- 
fcends into a pit, and is there faftened to 
the end of a very heavy chain. When the 
ropes are in equilibrio, the large chain is at 
the bottom of the pit ; but as the difference 
of their weights increafes, the fmall chain, 
winding upon the axis of the rope-barrel^ 
lifts up the large one from the bottom of the 
pit, till it is fufpended at full length, at 
which time one corf has afcended to the 
top of the (haft. One difadvantage attend- 
ing this counterbalance is the depth of the 
pit for the chain to defeend into, I mea- 
fared the depth at a machine, upon a col- 
liery belonging to Sir Henry Tempefl 
Vane, Bart, and found it to be fourteen 
fathoms, meafured fronVxthe axis of the 
pulley to the bottom ; the depth of the 
fbaft being eighty-eight and a half fathoms. 

At 
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At Heaton colliery, near Newcaftle-upon- 
Tyne, the owners thereof expended near 
two hundred pounds,, in attempting t^ 
fink a pit for the counterbalance chain, 
but which they could not get funk 
deeper than three and a half fathoms, on 
account of watery they therefore fixed the 
pulley five flithoms from the top of the 
pit, making the whole length of fpace fQr 
the chain to move in, eight and a half 
fathoms. They have lined the pit near the 
bottom with metal plates, to prevent the 
chain wearing away the fides. I think the 
chain mufl fuffer much by friction. The 
counterbalance which I ere,(9:ed is flill ufed 
at a coal-pit in Harraton colliery, fituated 
about two miles froni Chefter-le-ftreet, 
and belonging to the truftees of the late 
William Henry Lambton, Efq. The depth 
of the pit for the counterbalance is five 
fathoms, meafared from the axis of the 
pulley to the bottom. The weight fuf- 
pended . at the end of the chain is thirty 
one and a half hundred weight 5 diameter 

Z 3 of 
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of the wheel, fifteen and a half feet; depth 
of the (haft, feventy-fix and a half fathoms ; 
and weight of feventy-fix and a half fa- 
thoms of rope, five hundred weight two 
quarters. Another difadvantage attending 
the counterbalance firft dcfcribed is, that 
it does not regularly take off the weight of 
the heavier rope, which will appear by 
confidering that, immediately after the corves 
have paffed each other in the fliaft, and 
the difference of the weights of the ropes 
very fmall, the lefler chain is acting very 
powerfully upon the axis, which is. of an 
equal diameter in each part whereon the 
chain winds. According to my plan, there 
is an irregularity occafioned by the weight 
of the chain, but it is very trifling. One 
•inconvenience which may poffibly attend 
the counterbalance I invented is, that as 
the engine-men, through inattention, fome-- 
limes draw a corf over the pulley above the 
ihaft, the weight at the end of the chain 
may be drawn too high, and fome part of 
the machinery broken ; bu^ during a year 

and 
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and a quarter's conftant ufe of this coun- 
terbalance, the engine-man, though he ha5 
fometimes drawn a corf over the puUey, 
has always been able to flop the machine 
before any accident happened. It would 
confiderably diminiihthe friition, to fix the 
large wheel nearly in a horizontal pofition, 
with bevel teeth, fo that its weight might 
reft almoft entirely on one end of the axis. 
The counterbalance formerly ufed at Har- 
raton colliery is on the following conftruc- 
tion. A large wheel, with a weight fixed 
therein, near to its circumference, is placed 
diredly above a pinion on the end of the 
rope barrel : when the ropes in the ihaft 
balance each other, the weight is at reft s 
but the machine being put in motion, the 
pinion turns the large wheel, and the weight 
afcends till it has defcribed a quadrant of a 
circle, at which time its power is the 
grcateft, and one rope has reached the top 
of the fhaft. This counterbalance does 
not ad uniformly, and its power is very 
fmalL There has been a counterbalance 
erefted at Heaton colliery, about fourteen 

Z 4 or 



344 MECHANIGKS. 

or fifteen weeks ago, by -Mr. JeiFreys, an. 
engineer, near Ncwcaftle-upon-Tyne, on 
nearly the fame conftrudion as mine; the 
principal difference being, that in his the 
chain hangs diredly from the wheel, and' 
the weight moves in a gutter. Mr. Jeffreys 
fays, he never had an opportunity of bring- 
ing it into ufe before ; but was (hewn a 
model of it above fix years ago, by a perfoa 
of the name of Crowther, who I fuppofe 
is employed under him. When I recom- 
mended the new counterbalance to be 
creded at Harraton, the proprietors were 
ufing the old one defcribed above, having 
the large wheel diredly over the pinion. 
They made the improvement without taking 
down the large wheel; and on account of 
its being in rather a bad flate, they have 
not much more than one ton weight fuf- 
pended at the end of the chain. 

lam. Sir, 

Ypur moft obedient fervant, 

Wm. Featherstonhauqh, 

Lamhtoriy near Chejier^e-Jireet^ 
November -^othy i"j()i. 

Mr. More, 
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WE the underfigned, being the managers 
of Lambton, Harraton, Bourn Moor, 
Lumley, Murton and Penfliaw collieries, 
and two of the proprietors of the machinery 
eredled thereon for the purpofc of drawing 
coals, do certify that we have ufed about 
fifteen months a counterbalance recom- 
mended by Mr. William Featherftonhaugh. 
It is the heft method that has ever been 
propofed to us, and we believe it to be his 
own invention. 

T. Croudace. 

M. Featherstonhaugh, 



THIS is to certify that I conftrudled a 
counterbalance laft year for Meflrs. 
Featherftonhaugh, Fenwick, and Croudace, 
according to a model fhewn me by Mr. Wm. 
Featherftonhaugh. I have endeavoured to 
compare the expence of a counterbalance 
on his plail with that of a counterbalance 
^y means of a large chain for the depth of 

feventy- 
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feventy-fix and a half fathoms, and am of 
opinion that there will be little difference 
in the firft coft. In cafe there is much 
water, the latter method will be. a great 
deal more expenfive. I think his coun- 
terbalance may be upholden and replaced 
at new pits, for lefs expence. I believe the 
invention to be new, as I never heard of 
it before, 

JaCO^ WEATHERBURNe 

Engine-wright. 



A JDefcription 
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A Defcription of the Flate reprefenting the 
Counterbalance invented by Air. Wm* 
Featherstonhaugh. 

F F F Are the different parts of the 
framing. A fteam-engine is fuppofed to 
turn the barrel A by means of a crank at 
the end D. E is a fly wheel. R R are the 
ropes which defcend into the mine. When 
the engine is put in motion, the barrel A re- 
volves, and, by means of a pinion on the end 
of its axis, turns the wheel G ; the chain 
C, with a weight. W at the end, winding 
upon one of the curves K K, which are 
formed of pieces of timber ftrongly faftened 
to the arms of the wheel G, and in which 
grooves are cut to prevent the chain from 
flipping ofi\ The teeth of the wheel and 
pinion are of cad iron. A pit m'uil: be dug 
for the weight W to defcend into, but it 
need only be of a very fmall depth ; whereas, 
in the befl: counterbalances which I have 
feen, a pit of confiderable depth is neceffary, 
in the finking of which, in feme inftances, 
when there has been much water, I have 

known 
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known a very large fum expended. When 
the wheel G has revolved fo far that the 
cjhain makes a right angle with the arm V, 
at the extremity thereof; it then ads with 
its greateft power, and the difference of the 
weights of the ropes is the greateft. The 
curves K K were attempted to be drawn of 
fueh a form, that as the wheel G revolved, 
^ perpendicular let fall from its centre upon 
the line of diredion of the chain might uni- 
formly increafe ; but according to the me- 
thod in which I have applied the chain, it 
could not be done perfedly exadi. X is a 
weight to balance the curved pieces of tim- 
ber on the oppofite fide of the wheeK 
Where there are feveraL ftrata of coal in 
one pit,- if a counterbalance be calculated 
for the deepeft, it will anfwer for the reft 
without alteration. Where the depth is 
very great, two counterbalances may eafily 
be applied ; or the power of this counter- 
balance may be encreafed by making the 
fpiral-fliaped pieces of timber extend beyond 
the circumference of the wheel. 

The 
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The Thanks of the Society were this Sef- 
fion voted to Sir Thomas Hanmer, 
Bart, for the following Account and 
Drawing of a Method of Laying on 
Water upon Water-wheels, as 
prad:ifed by him in Flintfhire, 

SIR, 

I'^HE old method of conveying water 
from a higher level to an overfhot 
mill wheel, proving fo deftrudlive to the dif- 
ferent timbers and working gear of all mills 
of this defcription, by the fplailiing and beat- 
ing of the water overflowing the buckets, its 
extreme wafte of water, and the retrogade 
manner in which the water is difcharged 
from the bucket caufing rather a ftagnation 
in the water under the wheel, where the 
fall is not very great ; and floods are very 
apt to dam or tail-back, and thereby im- 
pede or clog the regular motion of the 
wheel; have induced the proprietor to try 
the following plan hereunto annexed, and 

which 
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which has been adopted at an oveffliot 
eorn-mill in Flintfliire, with the afliftancc 
of Mr. John Wilkinfon, Iron-mafter, of 
Birfham Forge, Denbighfliire, 

A. The line of high-water leveL 

B. The iron ciftern. 

C. The valve to the ciftern. 

D. The lever that lets the water on the 
wheel. 

E. The pool dam. 

F. The iron pipe, through \vhich the 
water is conveyed from the pool to the 
ciftern. 

G. The large wheel. 

By the delivering the water from a valve 
in the ciftern, which is of caft iron, a little 
beyond the centre of the wheel, you are 
able to obtain the motion of an underfhot 
wheel without the lofs of any water or in- 
jury to the mill- work by perpetual fplafh- 
ing, as by the old method. There is a 
great faving of water by this plan, fo as to 
enable the mill to do nearly double the 

work 
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work with the fame fupply of water, com- 
pared with what it did in the old way. 
The motion is quicker, and the wheel rids 
itfelf with greater eafe, and the water pafTes 
oiFwith^great rapidity, and adts with greater 
power againft floods and frofts : the whole 
of the wheel and cifterri fhould be covered 
from the weather : the bore of your pipe 
may be of any dimenfions, according to 
your fupply of water. It was completed 
at Hanmer in 1797; and from its fuccefs, 
the proprietor is induced to give a plan and 
fedlion to the Pubhc, and to lay it before 
the Society for the EncQuragement of Arts, 
Manufadlures, and Conimerce, for their 
information; not doubting, from the fuc- 
cefs he has experienced, that if more fre- 
quently adopted, it may admit of confide- 
rable imprtvement, apd be of great utility, 
I am. Sir, 

Your obedient fervant, 

Thomas Hanmer, Bart, 

JB^ttisfield Parky Mayz^]^ 1 798. 

Mr. More. 



